Agriculture is severely impacted by water stress due either to excess (hypoxia/anoxia) or deficit of water availability. Hypoxia/anoxia is associated with oxygen (O 2 ) deficiency or depletion, inducing several anatomical, morphological, physiological, and molecular changes. The majority of these alterations are adaptive mechanisms to cope with low O 2 availability; among them, alterations in shoot length, aerenchyma formation and adventitious roots have been described in several studies. The aim of this review was to address the association between abscisic acid (ABA) and ethylene in function of water availability in plants. The major physiological responses to low O 2 are associated with changes in root respiration, stomatal conductance, photosynthesis, and fermentation pathways in roots. In addition, several changes in gene expression have been associated with pathways that are not present under normal O 2 supply. The expression of ethylene receptor genes is up-regulated by low O 2 , and ethylene seems to have a crucial role in anatomical and physiological effects during hypoxia/anoxia. During O 2 depletion, ethylene accumulation down-regulates ABA by inhibiting rate-limiting enzymes in ABA biosynthesis and by activating ABA breakdown to phaseic acid. With regard to water deficit, drought is primarily sensed by the roots, inducing a signal cascade to the shoots via xylem causing physiological and morphological changes. Several genes are regulated up or down with osmotic stress; the majority of these responsive genes can be driven by either an ABA-dependent or ABA-independent pathway. Some studies suggest that ethylene shuts down leaf growth very fast after the plant senses limited water availability. Ethylene accumulation can antagonize the control of gas exchange and leaf growth upon drought and ABA accumulation.
INTRODUCTION
Water stress drives important losses in the crop market. Excess or deficit of water produces a cascade of physiological responses that ends-up in decreased production and reduced crop quality. Numerous factors are involved in plants responses to water stress. Several mechanisms that plants utilize to cope the effects of water stress are mediated by ethylene and abscisic acid (ABA). The independent effects of these molecules have been studied in different species. However, the interaction between these responses has not been specially analyzed.
The interaction between ABA and ethylene in plants under water stress has been studied by different research groups. From these studies it has been concluded that these hormones interact between them, under stress conditions. Studies of endogenous ABA deficiency have shown that an important role of ABA is to limit ethylene production, and that this interaction is involved in the effects of ABA status on shoot and root growth (Sharp and LeNoble, 2001) . Moreover, in horticultural crops and Arabidopsis, restriction of ethylene production can be considered a widespread function of ABA. Therefore, plants subjected to endogenous ABA supplementation may offer functions to maintain rather than inhibit plant growth (Sharp, 2002) . This hormonal interaction probably would be more complex, by including effects, e.g., early leaf senescence and leaf, flower, and fruit abscission (Morgan and Drew, 1997) .
The knowledge on the physiological, cellular, and molecular responses of plants to drought and waterlogging has already allowed great progress in plant breeding; however, a lot of this effort is still focused on Arabidopsis, ignoring crucial information in plant species with agricultural importance. Thus, understanding the physiological mechanisms associated to ABA and ethylene signaling, gene responses and their interaction is crucial for improving plant water stress tolerance (hypoxia or drought) in fruit tree species. Therefore, the aims of the present review were to address the association between ABA and ethylene in function of water availability in plants and to analyze responses to water stress mediated by ethylene and ABA interaction.
Waterlogging causes anatomical, physiological and molecular alterations in plants
Yield and plant growth are significantly inhibited by a deficiency (hypoxia) or complete absence (anoxia) of oxygen, due to poorly drained soils or water-saturated soils and roots (Sairam et al., 2008) . Excess water reduces oxygen (O 2 ) availability in plant roots, causing a barrier for gas diffusion into plant cells, inhibiting free gas exchange for photosynthesis and respiration and inducing changes in plant water relations (SanchezBlanco et al., 1994; Drew, 1997; Amador et al., 2012) . Several anatomical, physiological and molecular changes due to flooding have been described, including: epinasty, wilting leaves (Kawase, 1981; Sanchez-Blanco et al., 1994; Dennis et al., 2000) , premature leaf senescence, stem deformation, shoot length alteration and leaf area reduction (Aloni and Rosenshtein, 1982; Schaffer et al., 1992; Robbani et al., 2006) . Decreased leaf growth is a particularly prompt response to flooding (Else et al., 1995) . In avocado trees, O 2 depletion reduces root and shoot growth, leaf expansion, and also causes moderate to severe stem and leaf wilting, leaf abscission, and root necrosis (Gil et al., 2009 ). One of the major anatomical effects of hypoxia occurs at the root level. Some studies have reported hypertrophic lenticel formation (Jones and Sharitz, 1990; Shimamura et al., 2010) , adventitious root development, and parenchymal tissue changes (Aloni and Rosenshtein, 1982; McNamara and Mitchell, 1989; Smith et al., 1990) . Several types of tropical and subtropical fruit trees show anatomical or morphological adaptations to flooding stress, such as the development of hypertrophied stem lenticels, adventitious rooting or the formation of porous aerenchyma tissue (Schaffer et al., 2006) . Aerenchyma formation in response to low oxygen availability has been reported as an anatomical adaptation to facilitate gas diffusion (like O 2 ) between hypoxic/ anoxic roots and the aerial environment, including Prunus rootstocks (Garthwaite et al., 2008; Pistelli et al., 2012) . Under hypoxia, aerenchyma formation involves cell death caused by an enhanced rate of ethylene synthesis (Jackson, 1985; He et al., 1994; Gunawardena et al., 2001) .
The main physiological responses to low O 2 are associated with changes in root respiration, stomatal conductance, photosynthesis, and fermentation pathways in roots. In leaf gas exchange, the most common effect of flooding stress is a reduction in leaf transpiration and stomatal closure (Blanke and Cooke, 2004; Yetisir et al., 2006; Atkinson et al., 2008; Bai et al., 2013) . In avocado trees (Persea americana Mill.), hypoxia causes a decline in net photosynthesis, accompanied by decreases in stomatal conductance, transpiration, and the intercellular partial pressure of CO 2 in leaves (Schaffer and Ploetz, 1989; Gil et al., 2009) . In 2-yr-old apricot trees (Prunus armeniaca L.) under flooding stress, the midday leaf water potential decreased progressively, and a close relationship was observed between leaf conductance and plant hydraulic conductance (Nicolás et al., 2005) .
In Prunus salicina Lindl., hypoxia decreased net photosynthesis by limiting stomatal conductance (Martinazzo et al., 2013) , similar to previous studies reported in Prunus cerasus L. (Beckman et al., 1992) and Prunus armeniaca 'Búlida' (Nicolás et al., 2005) . Hypoxia increased the activity of 1-aminocyclopropane-1-carboxylic acid (ACC) synthase, a key enzyme in the biosynthesis of ethylene; however, ACC synthase was inhibited under anoxic conditions in maize (He et al., 1994; Sairam et al., 2008) , suggesting multiple chemical and molecular responses are involved in hypoxia or anoxia. Several genes with roles at the transcriptional, posttranscriptional, or translational levels have been reported in response to anoxia/hypoxia (Manjunath et al., 1998; Peng et al., 2001; Liu et al., 2005) . Transcription factors (ethylene response factor [ERF]-like) have also been associated to O 2 depletion, but only a small ERF family (AtERF73/HRE1) modulates ethylene responses during hypoxia (Yang et al., 2011) . The role of regulatory factors on some plant hormones such as abscisic acid (ABA), ethylene (ET), auxin and gibberellins in hypoxic regulation is also interesting but a challenging approach to follow.
Drought stress causes several anatomical, physiological and molecular alterations in plants Drought is the major abiotic stress factor limiting agriculture. Water deficit not only affects crop and fruit production, it primarily reduces vegetative growth, shoot length and leaf area (Weisz et al., 1994; Deblonde and Ledent, 2001) , along with physiological changes such as inhibiting gas exchange (Ekanayake and Midmore, 1992; Dalla Costa et al., 1997; Deblonde and Ledent, 2001; Kiziloglu et al., 2006 , Bourtsoukidis et al., 2014 . Drought is primary sensed by roots; then, root-to-leaf signaling through the transpiration stream triggers stomatal closure, which is an important adaptation mechanism to water limitation (Flexas et al., 2002; Anjum et al., 2011) . After stomatal closure, decreases in leaf transpiration and CO 2 assimilation occur associated with photosynthesis-related mechanisms such as electron transport, chlorophyll content, and enzymatic processes (Farquhar and Sharkey, 1982) . In P. salicina, drought stress reduced net photosynthesis by stomatal limitation, while also affecting transpiration (Martinazzo et al., 2013) .
Root length and behavior are critical in the drought stress response; in some plant species, root elongation continues even at very low water potentials capable of inhibiting shoot growth completely (Sharp et al., 2004) . Some studies have reported that the root/shoot dry weight ratio increases as plant water stress increases due to relative reductions in shoot dry weight (Chazen and Neumann, 1994; Wu and Cosgrove, 2000; Fan and Neumann, 2004; Fan et al., 2006) . In addition, roots under water deficit induce a signal cascade to the shoots via xylem causing physiological changes associated with several adaptation mechanisms; abscisic acid (ABA), cytokinins, ethylene, malate, and other unidentified factors have been implicated in root-shoot signaling (Steudle, 2000; Chaves et al., 2003) .
Drought also induces several biochemical and molecular changes (Shinozaki and Yamaguchi-Shinozaki, 1997; Yamaguchi-Shinozaki and Shinozaki, 2006) . The synthesis of compatible solutes such as proline, soluble sugars, glycine betaine and others seems to have a central role in osmotic adjustment, preventing or reducing the loss of turgor. Several genes are up or down regulated with osmotic stress (Shinozaki and Yamaguchi-Shinozaki, 2007) . However, gene expression in response to water deficit is complex and cross linked with responses to other abiotic stresses. The majority of these responsive genes can be driven by either ABAdependent or ABA-independent pathways (Shinozaki and Yamaguchi-Shinozaki, 2000) . There are genes that protect against environmental stresses directly and genes with a role in gene expression regulation and signal transduction (Yamaguchi- Shinozaki and Shinozaki, 2006; Shinozaki and Yamaguchi-Shinozaki, 2007) .
Taking flooding and water-deficit together, some plant species have obviously faced episodes subjected to both stresses, and have evolved to show some degree of plasticity and common physiological responses. Some common responses to drought and flooding in plants are changes in root water uptake (Else et al., 2001; Aroca et al., 2012) , leaf dehydration (Domingo et al., 2002; Nicolás et al., 2005; Aroca et al., 2012) , reductions in leaf transpiration and declines in stomatal conductance regulated by hydraulic and chemical signals (Blanke and Cooke, 2004; Atkinson et al., 2008; Aroca et al., 2012) . In Japanese plum (P. salicina) grown under either flooding or drought stress conditions, net photosynthesis was reduced due to stomatal limitation under both stresses. However, the photosynthetic performance indexes showed differences between stresses, plum being more susceptible to drought than to flooding (Martinazzo et al., 2013) .
Abscisic acid (ABA) seems to play an important role during waterlogging and water deficit Abscisic acid plays an important role in integrating various stress signals and controlling downstream stress responses, as we will describe for excess water or water deficit (Shinozaki and Yamaguchi-Shinozaki, 2000; Tuteja, 2007; Raghavendra et al., 2010; Ye et al., 2012) . ABA modifies root hydraulic properties caused by imbalances between root water uptake and leaf transpiration (Aroca et al., 2012) . The main role of ABA seems to be to regulate the plant's water balance, including under drought (Simonneau et al., 1998; Nan et al., 2002) , and flooding stress (Olivella et al., 2000; Nan et al., 2002) . For example, in Triticum aestivum L. plants, while ABA levels increased in roots and leaves in response to water deficit; ABA briefly increased in roots and leaves but then decreased in response to waterlogging (Nan et al., 2002) .
Under waterlogging conditions, some studies have reported changes in ABA concentrations in several species, including alfalfa leaves (Medicago sativa L.; Castonguay et al., 1993) , tobacco leaves (Nicotiana tabacum L.; Hurng et al., 1994) , pea leaves (Pisum sativum L.; Jackson et al., 1988) , tomato (Solanum lycopersicum L.; Else et al., 1995) , Gerbera jamesonii Adlam (Olivella et al., 2000) ; Citrus (Arbona and Gómez-Cadenas, 2008) ; and Malus spp. (Bai et al., 2011) . The ABA response to hypoxia may differ between leaves and roots, depending on the plant species and duration of flooding; a study comparing Malus species showed that Malus sieversii was more responsive to hypoxia stress than Malus hupehensis, showing a larger increase in ABA at the leaf and root level (Bai et al., 2011) . In Citrus seedlings, leaf ABA levels increased after 3 wk flooding, suggesting that stomata closed independently. Also, they found that ABA is produced in old leaves and transported to younger leaves upon flooding, rather than translocation of ABA from roots to shoots (Rodriguez-Gamir et al., 2011) . Studies in peas under waterlogging conditions concluded that leaves are not enriched substantially with ABA from roots, suggesting that leaves themselves are the most probable source of this growth regulator (Jackson et al., 1988) . Other studies during flooding stress have associated ABA accumulation with an increase in reactive oxygen species (ROS), in Glycine max (L.) Merr. roots (Van Toai and Bolles, 1991) , Hordeum vulgare L. roots and leaves (Kalashnikov et al., 1994) , Zea mays L. leaves (Yan et al., 1996) , and Triticum aestivum L. roots (Biemelt et al., 2000) , among others. A time course study in Arabidopsis thaliana (L.) Heynh. showed that ABA increased with flooding stress, triggering stomatal closure and changes in hydrogen peroxide (H 2 O 2 ) followed by an increase in antioxidant enzyme activities (Liu et al., 2012) . In addition, exogenous ABA application increased anoxia tolerance in maize seedlings (Hwang and VanToai, 1991) , in Citrus (Gómez-Cadenas et al., 1996) , in lettuce (Lactuca sativa L.; Kato-Noguchi, 2000) and in Arabidopsis (Ellis et al., 1999; Dat et al., 2004) .
In Rumex palustris Sm., long-term flooding induces shoot elongation, allowing re-establishment of the gas exchange between the atmosphere and submerged plant tissues (Benschop et al., 2005; . This adaptation mechanism in R. palustris requires ABA-dependent biosynthesis of gibberellins; basically, ethylene accumulation down regulates ABA levels via inhibiting 9-cis-epoxycarotenoid dioxygenase expression (one of the carotenoid cleavage dioxygenases) and via activating ABA breakdown to phaseic acid. This decline in endogenous ABA is required in order to stimulate the expression of gibberellin (GA) 3-oxidase, an enzyme that catalyses the conversion to bioactive gibberellin (GA1). Downstream of GA, three sets of genes encode proteins involved in cell wall loosening, in the cell cycle, and in starch breakdown, as well as other genes involved in internode elongation (Benschop et al., 2006) . A similar response has been observed in rice (Bailey-Serres and Voesenek, 2008) .
Under water deficit, one main function of ABA in plants is regulating the water balance, preventing intracellular water loss (Tuteja, 2007) . Drought induces root-to-leaf signaling through the transpiration stream followed by stomatal closure, which is commonly associated with ABA signaling (Wilkinson and Davies, 2002; Tuteja, 2007) . ABA promotes the efflux of K + ions from guard cells, leading to a decrease in turgor pressure decrease and subsequently stomata closure (Anjum et al., 2011) . A study in Prunus dulcis (Mill.) D.A. Webb during a progressive drought stress showed that leaf stomatal conductance depended on the concentration of ABA in the xylem sap (Wartinger et al., 1990) . In field-grown Prunus trees, ABA concentration in the xylem sap was also associated with drought-induced stomatal closure (Correia et al., 1997) . Several studies have shown that ABA is not only synthesized in roots; studies in tomato and sunflower showed that ABA is also synthesized in leaves (Fambrini et al., 1995; Holbrook et al., 2002) . In addition, ABA plays an important role in plant growth under drought stress; ABA deficient mutant Arabidopsis plants wilt and die under prolonged water stress (Koornneef et al., 1998) . ABA also mediates several physiological processes by changes in gene expression. In fact, drought stress responsive genes can be driven by either an ABA-dependent or ABA-independent pathway (Shinozaki and YamaguchiShinozaki, 2000) . The ABA-dependent gene response during drought stress is controlled by different classes of transcription factors, such as bZIP (cis-acting basic leucine zipper) AREB1/ABF2, AREB2/ABF4, and ABF3; ABA-responsive protein kinases that activate transcription factors through phosphorylation; and NAC domain proteins (ANAC019, ANAC055, and ANAC072); and MYB/MYC Zinc-finger protein (Bray, 2004; . In addition, water stress responsive genes associated with compatible osmolyte biosynthesis and LEA-like (late embryogenesis abundant) protein are also induced by ABA (Raghavendra et al., 2010; Tuteja, 2007) . In addition to the previously described, ABA signaling has been associated with changes in ethylene production due to water deficit; in maize seedlings, for example, ABA signaling has been associated with changes in ethylene production in conjunction with changes in root/shoot elongation under water stress (Sharp and LeNoble, 2002) .
Ethylene could play an important role under waterlogging and drought stress
Ethylene production under abiotic stresses such as waterlogging and drought, among others; can reduce photosynthesis (Rajala and Peltonen-Sainio, 2001 ), inhibit root growth, reduce shoot/leaf expansion (Sharp and LeNoble, 2002; Pierik et al., 2007) and decrease grain yield by grain abortion, among other actions (Wilkinson and Davies, 2010) .
Ethylene plays an important role in the plant response to oxygen deficiency, including the induction of gene expression associated with leaf senescence, aerenchyma formation, and glycolysis and fermentation pathways, among other responses. Epinasty, a common response in flooded plants, results from accumulation of the ethylene precursor ACC in roots; basically, ACC is transported through the transpiration stream to the aerial part of the plant, where the presence of oxygen allows it to be converted into ethylene, triggering petiole epinasty (Jackson, 2008; Vidoz et al., 2010) . In Prunus cerasifera Ehrh., while the wild-type was sensible to flooding, showing epinasty and leaf senescence, the L clone showed an increase in ethylene synthesis (mainly in leaves) and ACC oxidase (ACO) gene expression (Pistelli et al., 2012) . In Citrus, water-stress induced leaf abscission was associated with ACC expression accompanied by a concomitant increase in ethylene (Gómez-Cadenas et al., 1996) . In avocado, long-term hypoxia in the root zone resulted in leaf ethylene accumulation with a significant decrease in stomata conductance and an increase in leaf abscission (Gil et al., 2009) .
Under hypoxia, aerenchyma formation is one of the most important morphological responses, and ethylene plays an important role in this. Many authors have reported aerenchyma formation upon hypoxia with a concomitant increase in ethylene in species such as barley (Hordeum vulgare L.) (Larsen et al., 1986) , maize (Drew et al., 1981; He et al., 1994) , wheat (Watkin et al., 1998) , soybean (Bacanamwo and Purcell, 1999) , Carex spp. (Visser et al., 1996) , and Trifolium subterraneum L. (Aschi-Smiti et al., 2003) . In addition, application of exogenous ethylene produced aerenchyma formation in maize roots (Drew et al., 1981) . However, in crop species like rice (Oryza sativa L.) aerenchyma formation is constitutive and is not inducible by ethylene or the low partial oxygen pressures often observed during flooding Kawai et al., 1998) .
Ethylene under water logged conditions is also associated with adventitious root formation (Steffens et al., 2006; Vidoz et al., 2010; Pistelli et al., 2012) ; adventitious roots are able to maintain plant growth during waterlogging by maintaining nutrient and water uptake (Sairam et al., 2008) . In rice, waterlogging induced adventitious root formation mediated by ethylene that also appeared to facilitate aerenchyma formation (Justin and Armstrong, 1991) . In tomato, the development of adventitious roots in the stem has been observed after few days under partial submergence (Vidoz et al., 2010) . On the other hand, ethylene can act either alone or in coordination with indole-3-acetic acid (IAA) in stimulating shoot elongation under flooding (Voesenek et al., 2003; Pierik et al., 2007) . Likewise, a study in transgenic tomato plants harboring an antisense sequence for ACC oxidase under hypoxia showed similar stomatal conductance as wild-type in young expanded leaves, suggesting that leaf expansion and shoot growth were more closely correlated with endogenous ethylene levels than with xylem sap ABA concentration (Hussain et al., 1999) .
Under drought stress, a close relationship between ACC expression and ethylene synthesis has been demonstrated in Citrus (Gómez-Cadenas et al., 1996) . The ethylene precursor (ACC) moves in the xylem, from root to shoots, showing an association between its expression and ethylene evolution in leaves (Liu et al., 2006; . In maize, leaf ethylene changes were not associated with reductions in leaf elongation under drought (Liu et al., 2007) suggesting that ethylene may play a role in leaf growth inhibition and ACC may be one component of long distance root-sourced signals under drought (Schachtman and Goodger, 2008) . A report in wheat showed that after 2 d under drought-stress, plants treated with an ethylene inhibitor (1-MCP) closed their stomata, suggesting chemical but not hydraulic signals controlled stomatal closure (Sharipova et al., 2012) .
Association between abscisic acid and ethylene response under water stress Some studies suggest that ABA and ethylene are antagonists, that ABA accumulation can modulate the influence of ethylene on the processes of shoot and root growth and stomatal conductance and vice versa. Some studies suggest that ethylene prevents ABA accumulation and modulates cellular sensitivity to ABA (Ghassemian et al., 2000; Spollen et al., 2000; Wilkinson and Davies, 2010; Wilkinson et al., 2012) .
Studies in plants oxygen depleted by waterlogging often report increased concentrations of ACC, ethylene, and ABA in leaves (Bradford and Yang, 1980; Kozlowski, 1997) . In addition, ethylene, ABA, and GA have been associated with shoot elongation upon waterlogging; these three hormones would regulate processes such as apoplastic acidification, cell wall loosening, cell division, and starch breakdown (Schachtman and Goodger, 2008) . The same review reported that during oxygen depletion, ethylene accumulation down-regulated ABA by inhibiting the rate-limiting enzymes in ABA biosynthesis and by activating ABA breakdown to phaseic acid (Schachtman and Goodger, 2008) . Evidence of cross-response between ABA and ethylene has been associated with flooding stress. A decrease in ABA synthesis occurring soon after roots are flooded could sensitive leaves to the ethylene. This might enhance epinastic curvature and also unmask ethylene inhibition of leaf expansion (Konings and de Wolf, 1984; Else et al., 1995; Sharp et al., 2000) . In maize root seedlings, ABA application prevented aerenchyma formation but without affecting the ethylene concentration (Konings and de Wolf, 1984) . In addition, ethylene in combination with hypoxia induced growth due to an increase in GA and a concomitant decrease in ABA (Kende et al., 1998; van der Straeten et al., 2001) . A recent study in rice further showed that a rapid decrease in ABA in submerged rice shoots was controlled in part by ethyleneinduced expression of the OsABA8ox1 gene (encoding ABA 80-hydroxylase) and by ethylene-independent suppression of genes involved in the biosynthesis of ABA (Saika et al., 2007) .
Some authors have described changes in ethylene production as a consequence of an increased concentration of ABA in drought stressed plants (Elbeltag and Hall, 1974; Wright, 1980; Morgan et al., 1991; Narayana et al., 1991; Morgan and Drew, 1997; Olivella et al., 1998) . A study in G. jamesonii under drought stress and subsequent re-watering treatment showed that in conjunction with a decrease in transpiration rate and leaf water potential, ABA increased in leaves while ethylene decreased (Olivella et al., 1998) . In maize, ABA accumulation maintains primary root elongation at low water potentials by limiting ethylene production (Spollen et al., 2000) . Several other studies have suggested that endogenous ABA accumulation may limit ethylene production during water stress, regulating some drought responses in plants such as root and leaf growth (Wright, 1980; Tan and Thimann, 1989; Chaves et al., 2003) . In ABA-deficient transgenic maize, leaf ethylene was only increased by a soil water deficit (Voisin et al., 2006) . ABA can induce stomatal closure either when produced endogenously or when exogenously supplied; however, ethylene could antagonize the stomatal response to ABA (Wilkinson and Davies, 2009 ). Leaf abscission induced by ethylene in water-stressed Citrus plants required previous root ABA accumulation. Accordingly, some results suggest that the sequence of events upon water stress leading to leaf abscission in Citrus is as follows: ABA accumulation in roots followed by ACC accumulation in roots and ACC transport from roots to shoots; then, ACC oxidation to ethylene in leaves inducing eventual leaf abscission. Collectively, ABA is the primary signal to water stress and capable of modulating ethylene, the synthesis of which is the hormonal activator of leaf abscission (Gómez-Cadenas et al., 1996; Wilkinson et al., 2012) . A study in Arabidopsis showed that an acs7 mutant with reduced ethylene production showed increased tolerance to salt, heat, and drought stresses associated with higher ABA accumulation and ABA stress signaling modulation (Dong et al., 2011) . The final response to water stress would then depend on the ratio between concentrations of ethylene and ACC and ABA (Acharya and Assmann, 2009; Wilkinson and Davies, 2010; Wilkinson et al., 2012) .
CONCLUSIONS
The gathered information here shown that the effects of flooding and water deficit stress present similar responses at the physiological and molecular level. Thus, the major physiological responses to low O 2 are associated with changes in root respiration, stomatal conductance, photosynthesis, and fermentation pathways. On the other hand, water deficit conditions increase ABA concentrations, which induce stomatal closure and a following decay in the photosynthetic rates. The interaction between these hormones takes place under both stresses. During O 2 depletion ethylene accumulation down-regulates ABA by inhibiting rate-limiting enzymes in ABA biosynthesis and by activating ABA breakdown to phaseic acid. Under water deficit, a signaling pathway is induced in roots towards the shoots through the xylem. The majority of the responsive genes involved can be driven by either an ABA-dependent or -independent pathway. Besides, some studies suggest that ethylene shuts down leaf growth very fast after plant senses limited water availability. Ethylene accumulation can antagonize the control of gas exchange and leaf growth upon drought and ABA accumulation.
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